Introduction
The banana tree (Musa sp.), cultivated in most tropical countries, produces one of the most consumed fruits in the world due its good flavor, color and aroma characteristics, besides high nutritional values. The "'Prata-Anã'" banana has similar fruits to those of the "common Prata" banana, with the advantage of smaller plants and higher yield (Vicente & Perez, 1998) .
Although Brazil is one of the largest banana producers, its international market share in revenue is small (1.4%), leaving the largest market share to Ecuador, Costa Rica and Colombia. Together, these countries account for about 80% of world exports (Brazilian Fruit, 2010) . Currently, almost all "'Prata-Anã'" banana produced in Brazil is sold domestically. However, there is market saturation at certain periods of year, causing sharp fruit price reductions. Producers from the northern region of Minas Gerais state are strongly affected by the seasonality aforementioned, as they produce high-quality bananas in a highly technified irrigation system. Exports would be an alternative to expand the consumer market and capitalize producers.
Fruits exported in large amounts, including bananas, are usually placed in refrigerated containers and transported in ships. In this case, storage is a basic factor in distribution logistics and fruit market. "'Prata-Anã'" cultivar is highly perishable and there is still lack of information about storage aspects and shelf life, limiting its production expansion. Although there are efforts to produce and maintain fruit quality, losses during production and marketing may reach 60% (Souto et al., 1997) .
Most of information about cold chain proper management and banana storage is specific to fruit from the "Cavendish" subgroup, or market niches of other cultivars, such as plantains (bananas for cooking), which are already consolidated in the International market. However, studies carried out in the North of Minas Gerais related to "'Prata-Anã'" banana post-harvest conservation showed promising results in terms of conservation for long storage periods. The use of technologies such as refrigeration and controlled atmosphere, associated with proper harvest time, guaranteed shelf life of up to 30 days for the "'Prata-Anã'" banana produced in the North of Minas Gerais (Martins, 2004) .
Climacteric fruits, like bananas, are sensitive to CO2 and O2 gas composition changes during postharvest storage. The gases interfere with climacteric respiration, delaying or accelerating ripening. Oxygen, under normal atmospheric conditions, favors ripening, and carbon dioxide may delay the ripening process by competing with ethylene gas, which induces climacteric fruit ripening. However, the study of concentrations and their balance is relevant, since physiological responses caused by O2 reduction and/or CO2 increase during storage may be detrimental to fruit final quality by changing taste, odor, color, etc., due to anaerobiosis or toxicity.
Development and adaptation of conservation technologies for 'Prata-Anã'" banana will allow producers to expand production capacity, achieving better competitiveness conditions in the domestic and foreign markets.
The present paper aimed to evaluate the influence of refrigeration associated with controlled atmosphere on 'Prata-Anã' bananas post-harvest conservation.
Material and methods
Prata-Anã' bananas from an experimental banana plantation in the municipality of Nova Porteirinha, Minas Gerais, in the Gorutuba irrigated perimeter, were used. Harvest was done when fruits reached commercial ripening, that is, fruit with maximum growth, still slightly bent, and with a totally green peel, that is, in the stage two of Loesecke scale, used by the classification rules of Ceagesp (CEAGESP, 2006) . In order to conduct the experiment, fruit from second, third and fourth hands were used, in order to reduce the naturally occurring variations in fruits from the same bunch.
After fruit separation and selection, bananas were stored in double layers into 50 cm long, 34 cm wide and 30 cm high sealed boxes, totaling approximately 51 liters in volume, at 12 °C and 14 °C. Gas concentration used in the present study was, as follows: 2% O2 + 4% CO2 (2/4). The gas mixture was humidified and injected into the lower part of boxes (entry), with exit in the box upper part, inverse to the entry, at a continuous flow of 150 mL min -1 .
The equipment used to establish and control atmosphere was the Flowboard described by Calbo (1989) , with modifications in the pressure regulator. A differential valve used in domestic LPG gas cylinders was used, in order to regulate equipment pressure without gas loss, such as when a barostat is used (Cerqueira et al., 2009) .
Analyses were performed every 7 days during 35 days of storage. After each storage period, fruits were stored in a chamber in ambient conditions at 25 °C ± 1 °C and 85% RH for up to 5 days, in order to simulate ripening conditions.
Fruit post-harvest quality was evaluated by chemical and physical characteristics, as described below: a) Chilling injury: Determined by visual assessments regarding chilling after fruit removal from refrigeration chambers and during storage in ambient temperature. Visual assessments were based on dark spot determination in the fruit peel. b) Weight loss: Determined through weighing on a Marte electronic scale, AS 2000 model, with capacity of 2 kg and 0.01 g accuracy, expressed in percentage. c) Firmness: Determined by Bishop FT 327 penetrometer, as follows: each fruit was pierced three times at random locations distributed around the transverse diameter with a 0.8 cm tip. Results were expressed in Newton (N). d) Color: Determined by colorimetry through Minolta CR 400 colorimeter, which expresses color through brightness (L), chromaticity (C) and hue angle (hue°) parameters. e) Soluble solids (SS): Determined according to Tressler & Joslyn (1961) using a PR 101 model digital refractometer. Results were expressed in ° Brix. f) Titratable Acidity (TA): Quantified using the methodology described by AOAC (1992), expressed in %. g) Ratio (SS/AT ratio): values were obtained by dividing mean soluble solids data by mean titratable acidity data.
A completely randomized design was used, with three repetitions of four fruits per plot. Statistical analysis was performed by SAEG software (2007) . Prior to analysis of variance, normality (Lilliefors) and variance homogeneity (Cochran & Bartlett) tests were conducted. ANOVA was conducted in a 2 x 6 (assessments conducted after refrigeration removal) or 2 x 5 (assessments conducted five days after refrigeration removal) factorial, where the first factor corresponded to two storage temperature levels and the second factor to six or five storage time levels. Significant effects of isolated factors or interaction were studied by Tukey's test at 5% probability.
Results and discussions -Storage for 35 days
Chilling has not occurred in any storage temperature, i.e., dark spots were neither observed in fruit peels during storage nor when kept at room temperature, after five days after refrigeration removal.
Data had normal distribution, and values found in the Lilliefords test were lower than the tabulated value (0.148). Data analysis of variance results are shown in Table 1 . Peel brightness and soluble solids content were only influenced by days of storage. For the other parameters (chroma and peel hue angle, firmness, fresh weight loss, titratable acidity and ratio), there was interactive effect of days of storage and storage temperatures. Peel brightness represented, by the L parameter, was higher in the last two days of storage, i.e., 28 and 35 days (Table 2a) . Higher values of this parameter indicate that the fruit peel is lighter and, in this case, tending to change from green to yellow.
Soluble solids content increased with days of storage, showing higher values from 21 days and remaining with no significant differences until 35 days of storage (Table 2b) . Solids content increases due to starch hydrolysis, which is a sugar precursor (Nascimento Júnior et al., 2008) . Values found in the literature (Cano et al., 1997; Imsabai et al., 2006; Pinheiro, 2004; Nascimento Júnior et al., 2008) for banana soluble solids range from 0.78 to 0.92 °Brix for the green fruit and from 19.72 to 24.38 °Brix for the ripe fruit. In this study, although the soluble solids value increased, the maximum value of 9.89 °Brix found on the 35 th day did not correspond to that of ripe fruits, which is in the 21-27 °Brix range for 'Prata--Anã' banana.
The soluble solids parameter is of great importance for in natura consumption and for the food industry. According to Paiva et al. (1997) , high soluble solid levels in the raw material implies lower sugar addition, lower water evaporation, lower energy expenditure and increased product yield, resulting in higher savings during processing. Soluble solids content are also important to determine fruit quality, working as a sugar content indicator, along with acids, vitamins, amino acids and some pectins (Stover et al., 1987; Lobo et al., 2005) . Means followed by the same letter in the column do not differ by Tukey's test at 5% probability.
Mean values of peel chroma and hue angle, firmness, weight loss, titratable acidity and ratio are found in Table 3 a, b, c, d, e and f, respectively. Bananas stored at 12 °C showed small differences during storage regarding peel chroma. However, bananas stored at 14 °C had higher chroma values at 28 and 35 days of storage. Higher chroma values indicate a brighter peel, with increased saturation of pigments of a particular color, which was yellow in this case. Color tone is identified by hue angle, and both fruit stored at 12 °C and 14 °C showed yellow peel at 28 and 35 days of storage, a result evidenced by values in the 90° range. However, the peel of fruits stored at 14 °C tended to yellow from 21 days.
After 21 days of storage, chroma and hue angle differences between fruits related to temperature were identified. Chroma was higher in the peel of fruit stored at 14 °C, and also at 28 °C and 35 °C.
Fruit firmness reduced from the 7 th and 14 th day of storage in storage at 12 °C and 14 °C, respectively. Fruits stored at 12 °C were firmer than those stored at 14 °C at 0, 14 and 21 days, and significant differences were not found in the other days of storage.
Weight loss gradually increased during storage, being higher in fruits stored at 14 °C after 28 and 35 days of storage.
Titratable acidity increased during storage at both temperatures, which is a common event during the ripening process due to the organic acid solubility found in this period. According to Lichtemberg (1999) , banana acidity normally increases until reaching a maximum, when the peel is completely yellow. Afterwards, it starts to decrease, and malic acid predominates.
From the 14 th day of storage, bananas stored at 12 °C were more acidic than bananas at 14 °C, until the end of evaluations. The result aforementioned may indicate that, between 7 to 14 days of storage, fruit stored at higher temperatures had their acidity reduced, which is common in more advanced ripening stages.
Soluble solids/titratable acidity ratio significantly increased during storage at both temperatures. However, increase magnitude was higher in bananas stored at 14 °C, which had a faster ripening than bananas stored at 12 °C. Soluble solids/titratable acidity ratio is an index that represents the isolated measurement of sugars or acidity, as it expresses the sugar/acid ratio, which results in the flavor found in the fruit (Chitarra & Chitarra, 2005) . Means followed by the same capital letter in line and lowercase latter in the column do not differ by Tukey's test at 5% probability.
Five days after removal from refrigeration, in each day of storage Data had normal distribution, and values found in the Lilliefords test were lower than the tabulated value (0.161). Table 4 shows the analysis of variance for variables of fruit that remained five days in room temperature after removal from refrigeration. Peel brightness and chroma showed no significant differences in relation to days of storage, storage temperatures, or in relation to the interaction between these factors. The peel hue angle was influenced by days of storage, while soluble solids content, firmness, titratable acidity and ratio had significant interaction between factors. Peel color tone is indicated by hue angle values (Table 5 ). There was difference between fruits that remained five days in room temperature after 7, 28 and 35 days under refrigeration. The peel of fruits that remained 7 days under refrigeration showed higher values than the others, indicating that fruits were less yellow. Fruits stored for 28 and 35 days under refrigeration and for 5 days in room temperature had no differences. The result shows that banana peel color is modified from green to yellow regardless of storage temperature, and that gas concentrations used in this study (2% O2 + 4% CO2) did not affect degreening. Thus, storage period influenced this feature the most. Means followed by the same letter in the column do not differ by Tukey's test at 5% probability. 7 + 5 = seven days of refrigeration plus five days at room temperature; 14 + 5 = fourteen days of refrigeration plus five days at room temperature; 21 + 5 = twenty-one days of refrigeration plus five days at room temperature; 28 + 5 = twenty--eight days of refrigeration plus five days at room temperature; and 35 + 5 = thirty-five days of refrigeration plus five days at room temperature.
Soluble solids content of fruit stored at 12 °C remained practically constant after removal from refrigeration (Table 6a) . Fruits only had a higher value 5 days after removal from 14 days under refrigeration. For fruit stored at 14 °C, there was no significant difference.
Titratable acidity of fruit stored at 12 °C, five days after removal from refrigeration, remained statistically equal until 28 + 5 days, reducing in the last day of storage (Table 6b ). For fruit stored at 14 °C, acidity reduction occurred from 28 + 5 days.
Fruits evaluated five days after removal from refrigeration at 12 °C for 7, 14 and 21 days were less firm than those removed at 28 and 35 days (Table 6c ). The result may indicate that higher exposure time to controlled atmosphere can positively affect fruit firmness, as fruit removed after 28 and 35 days had higher values. However, the effect of gases was not observed when using the 14 °C storage temperature, since bananas were less firm than those at 12 °C throughout the experiment period.
Soluble solids/titratable acidity ratio remained similar in fruit stored at 12 °C and evaluated after five days at ambient temperature, although having higher values than fruit removed from storage at 14 °C (Table  6d ). The result suggests that the controlled atmosphere (2% O2 + 4% CO2) effect on ripening delay is potentiated when bananas are stored at 12 °C, since higher ratio values indicate riper fruits through pulp acidity reduction.
According to Chitarra & Chitarra (2005) , soluble solids/titratable acidity ratio is an index that represents the isolated measurement of sugars or acidity, as it expresses the sugar/acid ratio, which results in the flavor found in the fruit. Accordingly, fruits stored at 14 °C and evaluated after five days at room temperature were in a more advanced ripening state.
Conclusion
Storage for 35 days at temperatures of 12 °C and 14 °C associated with controlled atmosphere does not cause fruit chilling.
After 35 days of storage, fruit stored at both temperatures had the same firmness and peel color. However, there was higher fresh matter loss and lower acidity at 14 °C.
Controlled atmosphere associated with refrigeration at 12 °C provides better fruit conservation after five days at room temperature.
Peel degreening after removal from refrigeration occurs regardless of the temperature in which fruit were previously stored. Means followed by the same capital letter in the line and lowercase letter in the column do not differ by Tukey's test at 5% probability. 7 + 5 = seven days of refrigeration plus five days at room temperature; 14 + 5 = fourteen days of refrigeration plus five days at room temperature; 21 + 5 = twenty-one days of refrigeration plus five days at room temperature; 28 + 5 = twentyeight days of refrigeration plus five days at room temperature; and 35 + 5 = thirty-five days of refrigeration plus five days at room temperature.
